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(54) APPARATUS FOR REDUCING CONCENTRATION OF CARBON MONOXIDE IN REFORM GAS 

(57)Abstract 

PROBLEM TO BE SOLVED: To obtain high quality reform 
gas by adjusting the amount of oxygen to be fed for oxidizing 
carbon monoxide contained in a reform gas to be appropriate. 
SOLUTION: In a apparatus for reducing the concentration of 
carbon monoxide contained in a reforming gas, in which the 
concentration of carbon monoxide contained in the reforming 
gas is reduced by feeding oxygen to the reforming gas 
obtained by reforming reaction and reacting the oxygen with 
carbon monoxide contained in the reforming gas, a means 
(step S1) for determining the supplying amount of oxygen for 
oxidizing carbon monoxide is equipped and determines the 
amount of oxygen to be fed for oxidizing carbon monoxide 
contained in the reforming gas, according to the supplying 
amount of fuel which is fed to the reforming reaction. 
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tbs^* c om{tmwmmiM&&^mitffi2.T^z> 

Bo 

«©#«#x*©-SHb^®««&S3£fio 
[«*«3] t&s#x*©-g|{tj^ffs*i&{t£^£fc 

MtcM^Tv^s c t*<®mn?2>m&m 1 1 l < » 2 k 

IBic©i£R:tfx*©-&{fci^^ffiMgfio 

rat j£« 4 ] & s#x* o-Kft^m^^k^-e-s it 

Ct«Mi:t*lll5l6B-l *V'»L3©Vv# , ttfrfcEtt© 
BSfH^XctxD-Ufk^lifiiS^Ho 

"W«ijE¥afc*MK:fllATV^*cfc«W«fcr*lll* 

of 1 avu 4 ©v^-rn^tcK«o%a^xf <o-m<tm 
ismvvmtatum 

[0001] 

KM8©JRf *StfB»»3 CfflJJftt, ***7\*3- 

^BtcK-rSfetDT-feSo 
[0 0 0 2] 

LTif^S^ffiV^c^X^Atf&^nTV^o 0»J*.tf 
[0 0 0 3] CO)8St?i6*lV^ci'Xfi,?ffiffl2n 



glcmg U 8f)S©iSfif ©T"e©*SR£fc: Jz t> TTkift 
Lfci&SttfX*?** J; 5 KHMisnTVS.- 
^OStKSlSJi^Wfctt, 1 ^;l/©/#/— /l/t l * 
*oricfc*& 3^;l/©zkSii: 1 *A'0rMUI8k&*£ 

ftlc£i;S. ^<OSlSS;{±TfB©4:fe0^fcSo 
CH3 OH + H2 0^3H2 + CO2 +aCO-49.5 
(kj/mol) 

[0 0 0 4] S8W3JX*JH8Wl!lO«»JtfX4: bTflW 

5o MfUK£«N!£ 
?«CfctfKF£b<> MX.tmM¥8-3 2 996 99' 

«fk«**iwtaR*»w, isw»fr&««wi!ioai*i» 

«*XO«l&«8lc*»t*-«f b«Jl60jME«*ta u 

*&-r ££«©«***£•££<£ ? tgissnT^s. 

[0 0 0 53. 

H\ 5JcH^Xfc#*tiS-SEfbJ^*WbgPfcfc^«K 
flftMt-PS&t't'OttlR&EjSU e^tc»LTiS©r 

6» ±f2«&fc©gfiT-{i, &«#X*©-&{k|Sg||©i8 

*©sa^&ftgsis©5iis©Sfc:*tbT<2. 
[0006] -r&*>-&. Mawfc«, i*;no— «fld« 

*s«*jje«*©sbth\ <r©j:$a:^«^i«:*Ma 
■rscfc*^«*v>ni*6tt*^orco 
[0007] commit. ±i2<D*iticas#T&snfc 

[0 0 0 8] 

o T» /-c^S^Xlc^^^Jg LTKe5(«^XttJ©-K 



(3) 
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-Xlffi j^'^jffi'-' 1 ^--- -V- 

' t-Sfc©T-&S. 
- . - . [0 0 0 9] Ufc#oTW^l<D33^te«i:ftfcr> 3dt 

,,£;;«^»cjsct, tic* *>. 

V - 1 Kmo«^-Kfb^(Daicig-&bfcstc^^ns< > 

[0 0.1 0] $ft, ft^2©fS8ti> ffcK3U<c*5V 
T. i»a^fX*0-^tKlg«:^t5-B-SfcJ6fc«ifa-r 

^^jintcs-^v^TffliE'rsts^jitxsiPSiE^e^s 
jce^.rv'sc t*<&®.£-?2> &©t2ds. 

[0 0 1 13 Lfc#oTI»^2©fgWc < J:*U;r. 
»cgl$fc;£4T;3©T% -g?ffctSilifc^fc©KJStf£t; 20 

[o 0 121 is^«3 ©iehhhu m?m 1 fe b < It 2 »C 

43VT, &R^X4»©-K^^^k^-^S/ci6{C^ 
^-rSK^fi^, MlB&MtfX*©— SMb0SR2:iOfEtt 

nt t <omi tRfo c s c o mitm-> mmt s —mc 

^tOiS«tcit>UT«IE-r^it«SiP«iE#©^Htc« 
3.TVS C t*Hm. £?Z> £>©T;fcS. 
[0 0 1 3] Lfc^oTlS^3©^tC*tl^ 55« 

#x*©-sgfbiia*©gti!ii«*\ mmm&micBiyt-g 

ftS*>&. -&{t£Silt*&{fc£*TB££t-Src&©&iii so 
©0M«#<fc9IE61ilcfc;5. 

[0 0 14] 5 SIC M£3l4 0aig(±* ffHftglttv 

b3©v->-rnA>»cfevT. &n#xrp<o—nfcBm*m. 

feesiaSlc»-^v>T»IE1-Sig«Sip*fiE#®*S»c 
<l*Tvsc£«!i#Ki:-rsfc©T;&S. 
[0 0 15] lfctf?TM:£3(4©%llglcj:ft& — & 

ft£t*©HWttf£i;* c oife{i:*-?©S£«tt£©lMe 

JROlWbfti*«cJ:SiaaLhB««ii«l*«*»c«, IMiO 

^jea^Sfjffi-rs c t;VT#s©T% c o^ftspof^e 

fc££OJItttf*ttlc6&ik£tl«. 
[0 0 16] fLT, »3fciS5©fSW±. SM&Bl&V 

L4<ov^ntc^'>T. HtifE^at^^iotcttaia 

aWl^lc«^Tlte«n*^tttt*«^ MiBK 
«^fx+o-iWk««fcii*fc©BWbS«*«4i;* c o 

St>©TfcS 0 so 



[0 0 17] Lfc*<oTW*«5©5H9tC*n«, CO 

Tfesg®«OK8i^C 0»{b^»c«iestU Sfcgftlc 
©T% KR«UaSflHBNic«:«ci:« t ft<> — 8 

So 

[0 0 18] 

[f£f8©§H8K©?Bli] o€Tlcc©&liSBlca?rAitffll 
«WDM> Dfci&»#X£fl&©Ji?jg©x*;l/:£-tcg 

t*5»>, issssmtti i ©«£B*BWfc, ttitazflWRsn 

TVS. c©3tfigS2(i, *S*B^T*S^^y-/l/t; 

t*feo?*oT, 3feSW!8»**n!»-rsftii^S53 efc 
HgP4 C 0&<fcgP5 t*I^T^5. 
[0 0 19] An^SP3». 3tS«S»**p^UT^*y- 

TVS. ^©^MgP6tbT«. *PjlM»R*/<— *-tC<fc 
oTj^S«*^©fe©*Mn«^««MtlcJ:oTBI 

fb£4*s«i£©fc©&£*«fflt-sck#-e€So ufc 

#oTC©«HJ|gS6lCfcJu ftllRtilKB©— 0IJT&S;**> 
-;l/*«»r S# >y 8 aWVS** * * 9 t T&iBg 

m^SPl 0#fa«"6>*lTVS. C©xT-«*ggM Oti 
«{*WJCJ4V XT— rsTBIfiKSnTVS. 
[0 0 2 0] $fcv i8SS8P7lC(±, ;bkzki:© 

®^^j&-rse$c«j^^*ea5i:LT^v7 p i i#& 
i 2 ic * o TiKi^ivrffitcxestir v 

s. 

[0 0 2 1] HWB3tSai54fi, itLtJ(f/-;KD3[ 
CH3 0H + H2 0-*3H2 +CO2 + OCO-49.5 

(kJ/BOl) 

CH30H+l/20z^2H2+C02 +189.6 (kj/ 
mol) 

©S*S*4C*«Sfc«>K:, f£ttia**^JS.tf 2 8 0- 
3 0 0*C@fi©«5R©«WKA^ve>nTfeOs ^©fi*!« 
lc« LTtfrtBil^gP 7frZ*2S -;M8.fctf ***©« 

«!SjK« t «i&«n*«k5icaoTv*. ^©^{« 
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tat. fmM£EZ&0iito0mt%m&&*T-#>:: 
co 0 2 2] ±m<o^mmin^(omz^vr&^ y 

l ic&vzmm<Dtm*&n-?z>mm£Kz<D-z. c ... 

k i: S> K, 1 4 ^IxT« D » EScSSP 4 -J? 

^5-arfc*H5ffX^jijS^-ar5ckfe:J:0, &3t#X io. ; 

tc^^ns-^b^^s^^^ssigtc <fc o TUfk^-e-; 
5i5fci«?nTv^, ■ : . ' • - 

CO 0 2 3] 1 it. -mt VX. 7n h 

&h,-emm ok*®) 1 5 t&im <mmw) i6t 

Ti^^tiTv^, 5, 1 Git. &mmt&.fc 
mticjz^Tm&ztummi5ici5V2>Eimmit. 

JBBS 1 5 iciffletttta? tf%B2tu c <r CTksStfx 

£7c£MSl 6JC«v #>7&i!<9xT-#t$&gi5l 7*< 

co 0 2 4] &is. &mm 15, 16 tat, ft&fmt 

l/TMff';- 1 8^^-* 1 9#Wle|SS£;|ttJ£-r — 

2 o*^s«nrv>s 0 stskw^m— *i 9ic 

it, -fc— #2 1 ftW?nt^5o C©*— *2 1«U 30 
CO 0 2 5] ±!B£DBS*^ 1 5T?£CS7l<iSitD-l':*Xt 
Lfc*^*rxcD^T(COV->T*feU^iRT««:<, 

swx(cfi*fijffl<Dpr^tt^x-r^t3*.7K^^X3b^$ 

m^^mmmmm 6 cgi-rfci&fc: y 2 2 a\ 
«s»a?a 1 kinase i:^saLfc««tcgBB*nTv> 

^sa6-rs^x£o«sui^sij®i-rsrc:i6«ssaiiM#2 3# 

c©y^-yf2 2(t ^©rta^snift-rstfx^ 
sisb 6 icm%j*t?icmmcft$Mcmiii-eitz> a 5 icmfc 

CO 0 2 6] £e>K\ COSE{bSi5 5tcOV>T03^#fig 
-3 1 FtycfStt&ftTfctK *-<9^:x/S— 3 1 cofltjg so 



p 3 2 ttsstsgp4 *w^ntv^o zttftemn 3 

C 0^kXT-«^g3 3*^M5*XTV>«o 
& tTC©C O&{tx7-08&ff 3 3E> C ©I^Cfe 

* 1 (Dmmmicit. c<o^x<o-mitmmm& cr&fc 
nummm 1 {c^snsastK^x* o-^ft^is 

£>tV £fc{$SSP3 2iDig&l£:to\ C<Dg&#©fiE2j*8l 
So *LTM^3 0KfcttS^P3 2»Dg|5#fc: 

Co 02 7] coco&ffcg&sicfcr-rsco&fbxr— 

^W^^Jffll-rSfc^^W^SiJ^B (ECU) 3 7 

fi (CPU) fclBtS&H (RAM, ROM) £Ata*K 
7i- Xk^ttk-rsv^^S^-Y^aa^if 
a -P^o T, SJffll^- # i: b T^H^^^^I^SP 7 

•9— 3 4<DmJim^ (.t&ttcomm &.tnz> 

■9— 3 5«mM§ (^*>*.«SfgPT-©ffi*) k, s 
fi-feVU— 3 6C5a*«^ (-T«:t)^CO^{bSP5<D^ 
S) £tfXtl%tlT^Z> 0 ; tLTZt\P><DXt>y : -2%: 

*X7- m&i$l 4»c«LT^«^i:LTW*-rSck 

co 0 2 8] j^Lfc^gg2©s#w&ismcoi,vr 

gfcioTHijn, &^Htctitmmc^L<itc 
tiicwz.Tjamm7km#x*'5tsmiJxtfv z—^mz 

>yi 0{C<fcoT«^tl5o il<DM%^^y-;bi3* 

t;/$ (i*fijffl7i<^^x^ e. « «m3)Mm t ^« t & 

M{mm<D-FicMit&.fcL, t&b?MU ^«r^ 

Coo 2 9] ^%Si57^i;fcE-&^{i. «:SgP4ic 
JM&nSo C«D3{MgP4lc^te.nfc^«4^tC*oT 
p« ^ j -)V £ zk i: <D7j<^&»HlS#£ U> Tk^^xfe 

co 0 3 0] *z /-)vv>imfmnfcfoitw&m&-v 
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a^^©iDl^ • ^tC^ffl^nSo „ Qco3(l/s) = Qco3oldX T / (DT+t) +Qco2XD 

[003 n esc«aP4T-^i;s^xti, isaswctt; *^5f.T/ (dt+t) ff : !M ; ?*^£^ r 5: '-: 
mxxa=M<£mmrtxT'&zt>\ nmtctt-m&mr-r^ c ex-, dt *fcT{±-^— - 

#X#frTfr ( 1 %§«) 4C5o CO— ^{b^TtfX Sn©5!ft<Dgfl^&^-r«-?£>K * &lCQco3old(iQ 

4*^^^ns^M*©^i:siSLT- [00 3 si ±3&LrccomiteT-mteS<&mm<D. 



[0 0 3 2] ±i2©CO&{fcgB5fC:fcV>T5m#X"t'<D 

ns. @ l {±^-OSJIiig!l^iJi^-rSfcJ6©7n-^-v- 
Wtti-TS (X-r>y^S 1) <, ^©^H^SFk (mol/ 

s) a, ^»s?aiT-^si:-rs7j<^^xfi»ctg^LT 

vmmm i ©m^s-^-csw^nSo 
[0 0 3 3] ?«^y-;i/©3ScStc«kt?T^i;s— 

«{i©«f1i-f3c«*^^fcJ:-DTm«©«tc*S*> 

?>, n^«ifc^ii)Sci:A<-e^«o ~mitmm<o 
mmcg-rzm&i. i*>\<(D~m<tmmic}iLxi/ 
2^;i/t?^So ? etc. -m<tmm<omitEU&<mm 
it. -is-rLfe i oo%ftiws, —M{tmm<D£m 

•TS^^So C©jl*J^tt, -WlfcUT T5J IQtt' 

tfo T&a^x^©-^k^*^tcfe{k^-B-T^ 
-r^fc^tc^t-rs^MQcoi a/s) it. &.jS.x& 

Qcol (1/s) =aXFk (mol/s) X1/2X22.4 (l/mol) 
X 100/21 X 298/273X51^ 

CCX. (100/21 J «^^a©s^«^STa&»), 

Sfc T298/273J »±^lS^2 5 Lfcli^-©#«©*i 
[0 0 3 4] tS&tf^7l 1 {CJ:S5Sja^©«*e^P. 

KKsist<fcoT3t«^x^5i^-rssTtca, 
n<Dmm<Dtc&o)^m*>z.Tm$m7 £&.m.$H4 tx<o 



m<tim(DfZ£$yet j Pc omim 5 xo-mfc&mvm 

«^*^»Ift^S©1?. cn^JUE-rSffliE^ 
Cfc? (Xf-^S3) o -r*t>^CO®ft:gi55tcS^ 

fcMiec oiiaf-fe^-y— 3 4 T-^w^n/c-^bKma 
ftDco (ppm) i icttvTim-£tiz&.m# 

X*©a«-g|{fcl£JSli§gDcoref (ppm) 
[0 0 3 6] =t<T>— W£7F>£\i, 

Qco4 (1/s) =Qco3+KpX (Dcoref-Dco) +KiX 
Z (Dcoref— Deo) 

X&Zo CCT. Kp fe^CfKi ItUW^*— **X% 
0, *fcZ (Dcoref-Dco) fiBSiigfi Dcoref £8* 

w*nftii«Dcot©<iii©a»fiiT-feSo -r&fc*s& 
-m*m*z^ *rc&ttic&\,>m&icitcom<t*7 

So *fc. egl— Kft^iae Dcoref (i. JK»a?fl 1 

•e©S^©S«©frS{iiTS*); ias^EE^j^H©^ 

[003 7] ^ftl© <£ ? »C-K{t^©^kS^«^ 
SJSTSS A> C OKftSP 5 t?«iMW*o^:fifc-K 
fk^©BWk*fe c§5k, ftfeSSUf 3 o oia«*<5§»t;: 

±#u ^©^b^ffl*-rs43*n*^So fct, (94 
40 4) o cmt ^u^-t^^tc^-r <*: ^ mcnmtift. 

Qco5=KdecXQco4 

C<DffiIE«StKdect4, @4fC^-r,fe^, CO^fbgP5 
©ja*Tco CC) WB8S(f: bT^J6Tfe^. S^JftStC 
<tSflfeg*{k©L#VMBTl ^SAStC^oT/J^V^ 

^©^fk*^5Sij«n. ^j§s©±#*Wih5nSo 

so [003 8] #»gP 4 {Cfe{tS3£SS««A^^:-r 5 
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*.tz>ox\ c omt® 5 <»m&u 3 2 T*<Dmhi*& < 

ft* v ^-(D^^»««J&n 3 2 T*Offi* 

tctoT^SSftSo -rftfr^&if&p 3 

v^is^ca, x7-©^ffi;£it;<-r * 

•fc^ftfflB&ioClft^o 10 
[0 0 3 9] t4fe*l7- {HiSSgB 1 4 fcHUSLTV* 

££o CftfcttLTxT-^JSSm^Efttf?^^ 

»cti, ^fttfSCTiav^jE^-exT-^^-rsi^^ 

&£<DT, xT-^^^CDta^-r^^-SxT-^V^tC 

2-e©ffi^^nsv{a^. xr— tf>7ic*it&m<Tim *> 

[00 4 0] ft*5, MP3 2T*©fftti, &g§§2CD 
P 3 2 cDffi^^S^Wr 2>mt> 0 {&£p 3 2 (DSP 

#-e<DaE*«\ ^»S2©mpffi**^}t^u ^<d* 

«^ftfcJE^»i:»-^V^Tx7'-«*&gP 1 4 tcfcfTS}^ 

[0041] ±ft\^rc&o\zz<Dmi\c&2>nw&m.\z- 

^ft5SS^«J&«*^-r5C»T% &»#X{c#3;ft£ 

-■MtasRsa^eft < ^{k?-a-TKH*rx*>p,i^*-r 

sBcOi&j^SJS^jiftlcg-iK xy-ficofcilE^Cft 
^co-e, CO&YfcS5 5T©-&{fcK?il^&fcIliit»i:# 

5itA©««***«fc:45Cft3ci:*<-i»**. 40 
[0 0 4 2] Sfc, -Hftfl^0BflHMtlc***-£<l2 

(KS-efccfctf-e^So ar&te, c osfkgpoigftics 

-5<xr— »<D«IE**CS:3©-P, C 0&{fcS5 5<0g 

**ia 4 f» j etucieH'r * c o&rtgp 5 <o»«£> l < «s& 
©tn wta*tifcjiowis*coBWk*5te»UTa« 



10 

[004 3] £C-eC(D¥ZW£±ftl,rcm&M£<DM& 

1 (dc omitmwmw$mmj2.$-micmm u srcx^ 

•y^S2 efflftPM&g 2 Qj&KEfttfPtt IE#S»cffl 

assist iE#@fctas u xtf7"s4 «wm« 

Bx7HW9» 1 4 tfMBM 5 tcfcW-SKSgttlggBfc: 

[0 0 4 4] ftfe, ±»bfc«W*. ttfttttt 1 fci$ft 
fc ft * fc 46©*RS«r^ i: "T S S«tc 

^fc*ttfl«fclBSSftft^©T?&oT, t&K#X*{8*& 
»tttt<DK{bkjK««K-r « <fc 5 fc#ffi£Lfc 

zTc&cDmm&mei-rzmmvmiiz. eft km 
■esoT, ±c©iifwin?wtfc«uaici8je«nftvv 

©»T?i»iiaat* c i: i: LTt *K ± 

5CDiE-ft^ftt?MiE^c:ft3<t3l<:«lB!cbfc*\ 
co^itli, cftP,^T©1SiE«:*e>Si:-r5iRt?{±ft 
v^T'^O^ v>-rft*><DffliE*aJ?WK:feCft5Ci:fcb 
Tfe<fcV\, bfc««t>T*tl^ r tl©*|jEiBaT5*fcfc , r* 

*KE»BOWW»c»6ftTV'»*«*«]E-r« C i: i:-Tft 
»f«fcv\ 
[0 0 4 5] 

[»W<0«i*] CUM Lfc J: 3 icm&m 1 ©SgWfc J: 
ft«, S«S*SK««ft*««o«i:?W*x«fted* 

fts-Kik^moattcffliiiB^fes c t (cm 
^©K{tc»rci6tc«j&^ftsg!^©«^iSiis-rs * 5 k 

^LfccOT*, KlgOS^-KftJ^«<D«{c3g^l,fc« 

Sft < SEft^^T^tOiIft^T^^* C t *<T** So 
[0 0 4 6]-Sft, 8S^S205H8k:J:ftff, &«£J& 
©*fiaBBft««, — «{fc»aRo»ft©ft«>OM3MttS«K: 
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